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TO: Solomon Ricks/ OAQPS

FROM: Eric Boswell / NAREL

AUTHOR: Steve Taylor / NAREL

DATE: September 20, 2005

SUBJECT: Performance Evaluation of R& P 8400 and Sunset Labs Ambient Air Monitors

Introduction

A PerformanceEvaluation (PE) study hasbeen completed for semi-continuousnitrate, sulfate, and carbon
ambient air monitors. Fivesiteslocated indifferent states continueto operate at | east one of the 8400
seriesambient air monitors manufactured by R& P. The 800N and the 8400S units are designed to
capturePM,, s fromtheambient air and provide measurementsof nitrateand sulfaterespectively, every ten
minutes. A new ambient air monitor manufactured by Sunset L aboratory I nc. hasbeeninstalled recently
at threedifferent field siteslocated in or near Phoenix, AZ; Chicago, IL; and Seattle, WA. The Sunset
monitor isasemi-continuousfieldinstrument designed to collect fine parti culatematter (PM, 5) fromthe
ambient air and then analyzethe captured material for the presenceof elementa carbon (EC) and organic
carbon (OC). Thenew Sunset monitors have been programmed to automatically provide EC and OC
measurementsevery hour. Thesamplecollectiontimehasbeen set at forty-sevenminuteswhich leaves
thirteen minutesto performthe sampleanalysisand get ready for the next samplecollection. Thisisthefifth
PE study of the R& P analyzers and the second PE study of Sunset’ s semi-continuous carbon analyzer.

Summary - R&P Semi-Continuous Nitrate and Sulfate Analyzers

Aqueous spike sol utions have been used againto eva uateperformance of the R& P semi-continuoushitrate
and sulfate monitors. Fiveblind spikescoveringawiderangeof concentrationswereanayzedintriplicate
by eechinstrument. All of thesitesweregivenidentica setsof test solutionsand/or filter samplesdepending
oninstrumentation at thesite. Theoperatorsof theR& Panalyzers wereinstructed to analyzethelocal
blank water and the local calibration standard along with the test solutions.

Datacomparisonsbetween thefilter based nitrateresultsand the R& P semi-continuousnnitrateresultshave
indicated anon-linear response at some of the sites. In aprevious PE study, the R& P8400N operators
wereasked to analyzeaset of four nitratespikesolutionsinadditionto thefiveblind spikes. Theextra
sol utionswere prepared using ammonium nitrate, calcium nitrate, potassumnitrate, and sodium nitrate.
Thesesolutionswereincluded totest theinstrument’ sresponseto different formsof nitratethat may occur
inambientair. ThePE analysisresultsof theindividua salt solutionsindicated that instrument response
wasvirtualy the same for each of thesa ts. In order tofurther examine the effects of various nitrate
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compoundsoninstrument response, one of thefivenitrate PE solutionsfor thisstudy wasmadefroma
mixture of four different nitrate salts with a sulfate component added.

Theblind spikesolutionsof nitrateand sulfatewereeva uated by preparing scatter plotsfor each monitor
showing the mass of analyte reported versusthe massof analytespiked into theinstrument. A linear
response and good precigon was evident for most of the monitors. The special nitrate PE mixture
consistently demonstrated areduced recovery compared to thesinglesal t sol utionsand wasnot included
incalculaingtheregresson. Tofurther examinethedatagenerated fromtheblind spikesol utions, alinear
calibration curve based upon anal ysi sof the PE sol utionsthemseal ves (excluding thenitratemixture) was
generatedfor eachinstrument, and new resultswere cal culated. Based upon the new resultsfromthe
calibration curves, all sitesreport about the samevaluefor each PE sol ution, and good accuracy can be
achieved over awidecalibrationrangefor agueousspikes. Itisworth stating that an agueous spikeisnot
acaptured ambient air deposit. However, theagueous spikemay bethemost valuablesinglemethod to
eval uateinstrument performance, andit providesabasi sfor adjusting theraw dataoutput from the pul se
analyzer.

Summary - Sunset Semi-Continuous Carbon Analyzer

Replicateperformance evaluation (PE) sampleswere prepared at EPA’ sNational Air and Radiation
Environmental Laboratory (NAREL) suchthat each Stewasgiventhesameset of three PE sampleswith
instructionsto anal yze each sampletwice. Onesamplewasblank, onesamplewasasucrosespike, and
onesamplewasloaded with PM, ; collected fromtheambient air at NAREL. Noneof thesiteoperators
weregiven information about the PE samplesbeyond the sampletracking number. Analytical resultswere
submitted to NAREL along with the rawv datafiles.

Resultsfrom thisstudy wereeval uated by making two comparisons:. (1) how well doresultsfromall three
sitesagreesincereplicateswereanalyzedat all of thesites, and (2) how do thereported resultscompare
to expected values? Both compari sons showed good agreement among thethreesitesand NAREL. The
previous PE study discovered that the Arizonaand Washington fiel d siteswerenot using themost recent
version of calculation software and that the accuracy of their expected results could be improved by
reca culatingtheir raw datafilesusingthelatest version of software. Asaresult of thefirst PE discovery,
Sunsetinstalled updated versionsof the cal cul ation softwareat thetwo sites. Thisstudy hasfound that
dightly different versonsof cal cul ation software continueto be used at each site, however, thedifferences
appear to bemuchlesssignificant thanfoundintheprevioussudy. Although dightly different versionsof
the cal cul ation software arebeing used, thisstudy has shown that the Sunset instrument continuesto give
good performance at all threefield sites.
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Experimental Design - R&P Semi-Continuous Nitrate and Sulfate Analyzers

Blind agueous spike solutionswere prepared at the National Air and Radiation Environmental Laboratory
(NAREL) locatedin Montgomery, AL. PE solutionswere prepared from thesamesaltsand chemicals
that arepresentinthelocal calibration solutionsused at eachfieldsite. Four of thefivenitrate PE solutions
were prepared using KNO, and 18 mega-ohm laboratory water which was passed through a0.2-pum
membranefilterimmediately beforeuse. SulfatePE solutionswere prepared by dissolvingNH,SO, and
oxalicacidintothesamelaboratory water previousy described. Theoxalicacid wasaddedto each sulfate
solution at arateof 4 mg of carbon (fromtheoxalicacid) per 3mgof sulfate(fromtheNH,SO,). All PE
solutionswereanalyzed usingaDionex D X500 |on Chromatograph configured for theanalysi sof anions.
All PE solutionswereverified to bewithin5 % of thenominal concentration of nitrateand sulfatebefore
they wereshippedtothesiteoperator. Theconcentration of nitrateand sulfatepresent in each PE solution
islisted in Table 3 and Table 5 respedively, at theend of this report.

Onespecid nitratesol ution, N3-05-05, wasprepared using amixtureof four nitratesalts. Sulfatewasalso
added tothe PE mix using (NH,),SO,. Thefina solutionwascomposed of 250 ppm NO; fromNH,NO;,
50 ppm NO; from Ca(NO3),, 50 ppm NO; from KNO; 50 ppm NO; from NaNO;, and 400 ppm
SO, from (NH,),SO,. Thefinal concentration of thesamplewas400 ng/uL NO; with400 ng/uL SO,

A new syringewasprovided to each siteoperator withinstructionsto usethenew syringefor all spiking
duringthisstudy. Normally eachinstrument iscalibrated by injecting different volumesof one[loca] spike
solution to establish the calibration range. For this study five PE solutions were provided for each
instrument to establishacalibration range using only one spikevolume. The purposefor usingonly one
spikevolumewasto keep theamount of water deposited onto theflashstrip constant for all spikes. The
new syringe was used to deliver one spike volumefor all solutions described in this report.

Thesiteoperator wasinstructed to performamanua audit of the pulseanayzer before starting theagueous
spikes. Auditresultsfromthe 8400N and the 8400S are presentedin Table3 and Table5 respectively,
at the end of this report.

Analysis of the Blind Aqueous Nitrate Spike Solutions

Siteoperatorswereinstructed to performtriplicateanal ys sof the agueous sol utionsusing only one spike
volume, 0.5 L. Theanalysisbheganwiththeloca blank water followed by analysisof thelocal 100 ng/uL
nitratestandard. Thestudy continued by runningthefiveblind solutionsidentified ssmply asN1-05-05
through N5-05-05. Theresultsreported fromthesitesareincludedin Table4 at theend of thisreport
along with the previously undisclosed concentration of each PE solution. An extracolumn of “Re-
calculated Results’ hasalso been added to Table4. Resultsfrom each sitewerere-calculatedfroma
cdibration curvebased upon thefour KNO, PE solutionsanalyzed at that site. By re-calculatingall results
fromacalibration curve, thenew resultsare corrected for inefficient pulsegenerationand analysis. This
is our way of normalizing the daa to, hopefully, achieve better agreement from all the sites.

Resultsfromasinglesiteare presented asascatter plot in Figure 1 through Figure5. Themassmeasured
versusthemassdeposited isplotted for each spike. Resultsfromthe KNO, PE solutionsarecoloredred
intheplots, and resutsfromthelocal blank water and local 100 ng/uL solutionarepresentedin blue.
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Resultsof the PE mixturesolutionsarepresentedinvioletintheplots. Eachplot alsoshowsagreen“One-
to-One’ linewhich represents perfect agreement between the massmeasured and themassdeposited. The
figuresgraphicallyillustrateareducedinstrument responsefor the PE mixture sol utionscompared tothe
single salt KNO;, spike solutions.

Figure 1
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Good precision was observed for the nitrate spikes shown in Figure 1.
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Figure 2
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Excellent precision was observed for the nitrate spikes shown in Figure 2.

Figurer 3
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Good precision was also observed for the nitrate spikes shown in Figure 3.
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Figure4
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Relatively good precision was observed for the nitrate spike solutions shown in Figure 4.

Figure5
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Good precision was observed for the nitrate spikes shown in Figure 5.
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Figure 6

Hitrate Monitor - All Sites
{each pointis average of three trials)
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Figure6 comparesall resultsfromall fivesites. To simplify thegraph, each point representsan average
result from three replicate spikes of the same spike solution.

Figure 7
Hitrate Monitor - All Sites
{each pointis average of three trials)
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Figure7 showsre-cal culated massfromall of thesites. TheresultsshowninFigure7 werere-cal culated
from a calibration curve established at each instrument by analysis of the four KNO, PE solutions
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themselves. If thecalibration curveat eachinstrument had been perfect, all of there-ca cul ated datapoints
of the KNO, PE solutionsshownin Figure 7 wouldfall exactly onthegreen One-to-Oneline. Again, the
re-calculated masses of the PE mixture solutions consistently show a reduced response.

Analysis of the Blind Aqueous Sulfate Spike Solutions

Threeof thefivesites, Illinois, Texas, and Washington participated in the PE of the R& P 8400S sulfate
monitor. Siteoperatorswereinstructed to performtriplicateanalysisof theagueoussolutionsusing only
onespikevolume, 0.5 L. Theanalysisbeganwiththeloca blank water followed by analysisof theloca

300ng/uL sulfatestandard. Thestudy continued by runningthefiveblind solutionsidentified smply as S1-

05-05 through S5-05-05. Theresultsreported fromthe sitesareincludedin Table6 at theend of this
report along withthe previoudy undisclosed concentration of each PE solution. Anextracolumnof “Re-

calculated Results” hasalsobeen added to Table6. Resultsfrom each sitewerere-calculated froma
calibration curve based upon the PE sol utionsanalyzed at that site. By re-calcul ating al resultsfroma
cdibration curve, thenew resultsare corrected for inefficient pulsegenerationand analysis. Thisisour way
of normalizing thedata to, hopefully, achieve better agreement from all the sites.

Resultsfromasinglesiteare presented asascatter plot in Figure8through Figure12. Themassmeasured
versusthemassdepositedisplotted for each spike. Resultsfromthe PE solutionsarecoloredredinthe
plots, and resultsfromthelocal blank water and local 300 ng/pIL solution arepresentedinblue. Eachplot
alsoshowsagreen*” One-to-One’ linewhi ch represents perfect agreement between themassmeasured
and the mass deposited.

Figure 8
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Figure9

Texas Sulfate Monitor
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Figure 10
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Figure 11

Sulfate Monitor - All Sites
{each pointis average of three trials}
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Figure11 containsresultsfromall threesites. Tosmplify thegraph, each point representsan averageresult
fromthreereplicate spikesof thesamespikesolution. Eachsiteisrepresented by adifferent symbol as
shown in the plot legend.

Figure12 showsre-calculated massfromall of thesites. Resultswerere-calculatedfromacalibration
curve established at each instrument by the analysis of PE samples. Again, notice how well there-
calculated resultsin Figure 12 fit the green One-to-Oneline, but the uncorrectedresultsin Figure 11
consistently fall below the One-to-One line.

Figure 12
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Experimental Design - Sunset Semi-Continuous Carbon Analyzers

Thisstudy wasdesigned to submit threetypesof samplesto eachfieldsite: blanks, sucrosespikes, and
ambient PM,, - (fineparticles). Several replicatesof each sampletype werepreparedat NAREL sothat
anidentica set of sampleswassubmitted to each stewithingtructionsto analyzeduplicatesof each sample
type. Four replicatesof each sampletypewereactually providedto each site. Theextrareplicateswere
included within each set of samplesto provide ameansof recovery fromaninnocent accident such as
dropping the sample onto the floor. Thesite operator cauld also use some of the extrareplicaesto
practice procedure steps which were devel oped secifically for the PE studies.

All of the samplesusedin thisstudy wereprepared using aquartz fiber substratewhich waspurchased from
Gelmanascircular filtershavinga47-mmdiameter. A large batch of the new filterswere cleaned by
heatingto 500 °Cinsideamuffled furnacefor at | east two hoursafter which thefilterswereplaced into
sealed Petri dishesand stored at freezer temperature until needed. Two of thefiltersinthebatchwere
analyzedfor EC and OC residuesusing aSunset |aboratory instrument set up to perform the Thermal
Optical Transmittance (TOT) analytical method approvedfor the Speciation Trends Network (STN
method). The STN method performed at NAREL is similar to the field method but includes some
fundamental differencesinthehardwareand configuration. Resultsfromthetwotestfiltersshowedless
than 0.2 pugC/cm? so the batch of filters was declared sufficiently clean for use.

Severd of theclean 47-mmfilterswereassembled into canisterswhich wereused to collect PM, ;s from
theMontgomery air. Co-located Super SASSunitswere programmedtoload thefilterswithalengthy
168-hour collection event. Thelong collectiontimewasnecessary to get theamount of collected EC high
enough for thestudy. After thecollection event wascompleted, theloaded filterswererecoveredfrom
thecanistersand placed individuallyintolabeled Petri didesand stored at freezer temperatureuntil needed.
Togainconfidenceinthequality of filter replication, asmall punched segment wasremoved from each
loaded filtersand analyzed using the STN method. Good precisionwasobserved for themeasured EC
and OC with rel ative standard deviationsa 7% and 3% respectively.

Thisstudy wasdesignedto submit small circular punchesof thequartzfilter tothefield sitessothat each
test samplecould beinstalled into theinstrument with minimum effort fromthe operator. Eachcircular
punchmust haveal6-mmdiameter tofit properlyintotheinstrument. A circular punchdevicewasused
tocut 16-mmcirclesfromthelarger 47-mmquartzfilters. Alargenumber of the 16-mm blank quartz
circleswererequiredfor thisstudy. Someof themwereanalyzeddirectly asatest ssample. Someof them
were spiked with an agueous sol ution of sucrose. Thesucrose spikeswereallowedtoair dry for about
thirty minutesbeforethey werepackagedfor shipment. Thereforeit wasnot possiblefor thefield operator
tovisually seeadifferencebetweentheblank test samplesand the test samplesspiked with sucrose. Each
field site was supplied with four Petri slides as described in Table 1.
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Table 1. Components of the Sample Kit Submitted To Each Field Site
Petri Slide Count  Petri Label Description of the Petri Slide Contents
First C1-05-05 Test sample replicates (four blank quartz circles)
Second C2-05-05 Test sample replicates (four circles spiked with sucrose)
Third C3-05-05 Test sample replicates (four cirdes loaded with PM, )
Fourth Blank quartz twelve designated blank quartz circles **
** each test sample must be mounted into the instrument with a designated blank circle

Thisstudy required theoperator to temporarilyinterrupt the automated analysisof ambient air at hissite,
removethecollectionfilter from hisinstrument, and then usehisinstrument to anal yzethe test sampleslisted
inTablel. Tablel showsthat each sitereceivedtwelvetest samplesand twelvedesignated blank circles.
A designated blank circle was available for each test sample provided to thesite. The operator was
instructed to mount a designated blank circleinto the instrument along with each test sample. This
procedurewas necessary to maintain normal behavior of thetransmitted laser signal. Thelaser normally
transmitsthroughthecollectionfilter. Thecollectionfilter, whichwastemporarily removed fromthe
instrument, isactudly two filtersmounted together for extrastrength. Since each PE samplewill bea
replacement for the collection filter, the PE sample should be doubly thick as well.

Analysis of the Carbon PE samples

Detailedingtructionsfor analyzing the PE sampleswereprovided to the siteoperators. Asstated earlier,
thenormal automated analysi sof ambient air washalted, and thecollectionfilter wasremoved fromthe
instrument. Thisstudy wasdesignedto replacethe collection filter with oneof thetest samples, andthen
runtheinstrument throughthe TOT andysiscycle. Therewasooncernthat resutsfromtheblank test
samplesmight behigh. High blank valuescan becaused by shipping and handling, but thegreatest concern
wasfor opening theinstrument’ soven eachtimeanew test samplewasinstalled. Becauseof thisconcern,
thesucrosespikelevd wasrdativelyhigh, andthePM,, s test samplewasloaded with arel ativel y high level
of OC.

Figure 13 showsthetotal carbon (TC) resultsfor the sucrose spikesand the PM,, s test samples. TCis
simply thesum of the EC and the OC for thisstudy. Theresultsareexpressed asmicrogramsof carbon
released fromthetest sample. Resultsdetermined at NAREL areshown alongwiththeresultsreported
from the threefield sites. It isimportant to understand that the results reported for NAREL were
determined using the STN analytical method sinceNAREL doesnot haveafieldinstrument. Figure13
alsoincludesthesucrosespike levd aswell astheuncertainty of measurementsperformedat NAREL.
Theresultsfromall threesites|ook rel atively good and good duplicateprecisionwasobserved for all of
the sites.
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Figure 13

Reported Total Carbon Results
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Figure 14 includesthe EC and OC values along with the TC for the ambient PM, . test sample. The
sucrosespikesampleisnot presented in Figure 14 becausesucrosedoesnot contain EC and dl of thesites
correctly reported zero EC for the sucrose test sample.

All of theresultsreported from thesitesand determined at NAREL areavailablein Table7 at theend of
thisreport. Resultsfromtheblank test circleswerenot presented in Figure 13 nor in Figure 14, but the
blank results areincluded in Table 7.

During thefirst PE study of the Sunset, theraw datafiles along with the cal culated result fileswere
submittedtoNAREL . After examiningthesefiles, it becameclear that all of thesiteswerenot usingthe
samecal culation software. NAREL recal culated resultsfromtheraw datafilesusing acopy of themost
recent calculation software (RTCCalc312.exe) provided by Sunset. The recalculated resultsfrom
Washington showed significantimprovement over theoriginal results, and therecal cul ated resultsfrom
Arizonashowed someimprovement. Therecal culated resultsfromIIlinoiswereidentical to thereported
results, indicating that thelllinois sitewasusing the most recent cal cul ation software. Followingthe
discovery of caculation softwaredifferences, Sunset L absvolunteered toinstall updated softwareat the
Washington and Arizonasites. Raw datafilesfor thisstudy wereagainrecal culated and compared to the
resultssubmitted by thefield sites. Table2 comparesthethereported and recal culated TC resultsof C3,
the PM, s ambient air samples analyzed in both PE studies.

Table 2. Reported and Recalculated Total Carbon

PE #1 Results (ug) PE #2 Results (ug)
Site Sample*  Reported Recalculated RPD Reported Recalculated RPD
_ C3 24.05 28.15 15.7% 3534 36.34 2.8%
Arizona
C3dup 24.86 27.82 11.3%  38.05 40.45 6.1%
lina C3 32.36 32.36 0.0%  39.95 39.95 0.0%
inois
C3dup 32.76 32.76 0.0%  40.79 40.79 0.0%
C3 27.87 31.40 11.9% 41.29 41.33 0.1%
Washington
C3dup 26.63 31.44 16.6%  39.86 39.92 0.1%
* Ambient PM2.5 test sample

Thereca culated resultsindicatethat Washington and Arizonaarenot using thesameversion of calculation
softwareaslllinois, however,amuch smaler differencebetween reported and recal cul ated resultswas seen
for thisstudy.

Figures15and 16 graphi cally present the cal cul ated and recal cul ated resul tsfor both the sucrosespikeand
theambient air samples. All of therecal culated val uesincluding those presentedin Figure 15 and Figure
16 are shown in Teble 8 at the end of this report.
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Figure 15

Reported & Recalculated Total Carbon Results
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Conclusions

ThisPE study included both the R& P 8400 nitrateand sulfateanalyzersaswell asthe Sunset L abscarbon
analyzers. Thesemonitorsaredesignedto operateunattended at remotefield sitesto collect measurement
datafor nitrate, sulfateand carbon containedinambient PM, ;. Thisstudy wasnot designedto evaluate
theoverdl performanceof themonitorssincetheoveral performanceincludesboth samplecollectionand
sampleanalysis. Thisstudy wasdesigned, however, to eval uatethe accuracy and precision of thesample
analysis. Thisstudy, similar to previousstudies, used singleblind spikesolutionsto eval uatethe R& Pand
Sunset analyzer performance. The Sunset analyzers were also able to analyze samples created by
collecting repicate PM, ; samples on quartz filters.

Asin previousstudies, boththe R& P nitrateand sul fateana yzerscontinued to show good precision and
linear responsefor analysi sof theblind spikesolutions. Resultsfrom eachsitewererecalculatedfroma
calibration curve based upon the PE solutionsanalyzed at that sitein order to normalizethedata. By
reca culatingall resultsfrom acaibration curve, thenew resultsarecorrectedfor inefficient pulsegeneration
andanalysis. Thenormalized dataindicatesthat all Sitesreport about the samevaluefor each PE solution,
and good accuracy can beachieved over awide calibration range for agueous spikes.

Oneof thefivenitrate PE sol utionswas madeusing amixture of four different nitratecompoundsinstead
of the singlesalt KNO3 solution normally used for the routine calibration of the R& P 8400N nitrate
analyzer. Analysisresultsof thenitrate PE spikesolutionspresentedin Figures 1-7 il lustrateacons stently
reduced instrument response for the PE spike mixture compared to the singe salt spikes solutions.

The previousPE study discovered that the Arizonaand Washington siteswerenot using the most recent
version of calculation software available. Thisdiscovery was determined by recal culatingraw data
provided by each siteusing arecent version of the Sunset software. Inresponsetothediscovery, Sunset
installed new versionsof the cal cul ation softwareat the Arizonaand Washington sites. Raw datafromall

steswereagainrecaculatedat NAREL for thissudy. Therecalculated resultsfrom Phoenix and Seettle
weredightly differentfromthereported values, indicating adight differencein softwareversonsstill exists

However, the new softwareinstall ations have significantly reduced the differencesbetweenreported and
recal cul ated resultsat these sitesand the Sunset carbon analyzer continuesto demonstrategood accuracy
and precision paformance in theanalysis of PE samples at all three field sites.
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Table 3. Evaluation of the 8400N Pulse Analyzer

*** Span Steady Flow . Age of
Sit Audit Audit Gas State Balance Pl:ll:ee NOI:eI;:;lse Flash
e Date Time Conc. Check Check (ppl%) (ppb*s) Strip
(ppb) (ppb) (ppb) (days)
Arizona 27-Jun-05 4:45 PM 4910 4905.7 4098.2 5.0 3364.3 10
Illinois 09-Jun-05 8:30 AM 5270 5253.6 4600 0.3 3290.8 1
Indiana 28-Jul-05 8:05 AM 5100 5093.1 4494.2 -14 2458.4 29
Texas 10-Jun-05 | 12:03 PM 5593 5606 4752 0.0 2342 3
Washington 13-Jul-05 0845 PST 4860 4861.8 4296.1 0.5 2732.1 8
*** Span gas concentration as labeled on the bottle (should be 5000 ppb).
Table 4. Aqueous Nitrate Standards
Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site IDp Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Arizona Local blank water 0.5 0 119.0 57.6 1.9 0.80 6.3
Arizona Local blank water 05 0 129.6 49.3 1.7 0.80 6.0
Arizona Local blank water 0.5 0 125.7 40.6 14 0.80 55

Page 17 of 27




Table 4. Aqueous Nitrate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***

(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Arizona Local 100 ng/plL std 0.5 50 108.7 1472.0 49.6 0.80 77.0
Arizona Local 100ng/uL std 0.5 50 109.4 1425.3 48.0 0.80 74.6
Arizona Local 100ng/uL std 0.5 50 110.1 1427.3 48.1 0.80 74.8
Arizona N1-05-05 0.5 20 102.0 527.8 17.8 0.80 29.8
Arizona N1-05-05 0.5 20 107.9 488.8 16.5 0.80 27.9
Arizona N1-05-05 0.5 20 109.9 553.3 18.7 0.80 31.2
Arizona N2-05-05 0.5 100 101.8 2238.4 75.4 0.80 115.2
Arizona N2-05-05 0.5 100 99.4 2350.9 79.2 0.80 120.9
Arizona N2-05-05 0.5 100 112.2 2377.8 80.1 0.80 122.2
Arizona N3-05-05 0.5 200 102.6 2609.2 87.9 0.80 133.7
Arizona N3-05-05 0.5 200 104.4 3004.3 101.2 0.80 153.5
Arizona N3-05-05 0.5 200 108.6 2658.8 89.5 0.80 136.1
Arizona N4-05-05 0.5 300 103.8 6550.3 220.6 0.80 330.4
Arizona N4-05-05 0.5 300 89.2 6495.3 218.8 0.80 327.8
Arizona N4-05-05 0.5 300 87.0 6149.6 207.1 0.80 3104
Arizona N3-05-05 0.5 400 93.2 7585.4 255.5 0.80 382.2
Arizona N3-05-05 0.5 400 81.2 8195.0 276.0 0.80 412.5
Arizona N3-05-05 0.5 400 72.2 8468.4 285.2 0.80 426.2
llinois Local blank water 0.5 0 -8.0 87.4 3.1 0.84 -4.4
lllinois Local blank water 0.5 0 -8.4 88.8 3.2 0.84 -4.2
lllinois Local blank water 0.5 0 -9.7 86.2 3.1 0.84 -4.4
lllinois Local 100ng/uL std 0.5 50 -12.8 1450.4 51.7 0.84 71.3
Illinois Local 100ng/uL std 0.5 50 -0.2 1417.9 50.5 0.84 69.5
[llinois Local 100ng/uL std 0.5 50 -16.7 1359.1 48.5 0.84 66.3
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Table 4. Aqueous Nitrate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***

(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Illinois N1-05-05 0.5 20 -10.6 572.3 20.4 0.84 22.6
lllinois N1-05-05 0.5 20 -14.2 598.2 21.3 0.84 24.0
lllinois N1-05-05 0.5 20 -17.3 609.3 21.7 0.84 24.6
Illinois N2-05-05 0.5 100 -12.9 2295.0 81.8 0.84 118.2
Illinois N2-05-05 0.5 100 -13.2 2354.5 83.9 0.84 1215
Illinois N2-05-05 0.5 100 -19.6 2310.4 82.4 0.84 119.1
Illinois N3-05-05 0.5 200 -13.5 2913.2 103.9 0.84 152.6
Illinois N3-05-05 0.5 200 -14.2 2950.4 105.2 0.84 154.6
Illinois N3-05-05 0.5 200 -15.0 2907.9 103.7 0.84 152.3
Illinois N4-05-05 0.5 300 -11.8 6038.2 215.3 0.84 326.1
Illinois N4-05-05 0.5 300 -11.1 5841.7 208.3 0.84 315.2
Illinois N4-05-05 0.5 300 -16.5 5945.3 211.9 0.84 320.8
Illinois N5-05-05 0.5 400 -13.4 7491.7 267.1 0.84 406.8
Illinois N5-05-05 0.5 400 -13.2 7232.3 257.8 0.84 392.3
Illinois N5-05-05 0.5 400 -11.2 7536.2 268.7 0.84 409.3
Indiana Local blank water 0.5 0 -0.7 46.6 1.7 0.84 13.3
Indiana Local blank water 0.5 0 34.5 37.0 1.3 0.84 12.8
Indiana Local blank water 0.5 0 23.2 23.3 0.8 0.84 12.2
Indiana Local 100ng/uL std 0.5 50 -15.1 1509.2 53.6 0.84 77.8
Indiana Loca 100ng/uL std 0.5 50 125 1535.5 54.6 0.84 79.0
Indiana Local 100ng/uL std 0.5 50 -7.1 1482.9 52.7 0.84 76.7
Indiana N1-05-05 0.5 20 16.4 487.8 17.3 0.84 32.7
Indiana N1-05-05 0.5 20 -14.6 523.6 18.6 0.84 34.3
Indiana N1-05-05 0.5 20 7.2 595.5 21.2 0.84 37.6
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Table 4. Aqueous Nitrate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Indiana N?2-05-05 0.5 100 -6.6 2631.1 93.5 0.84 127.4
Indiana N2-05-05 0.5 100 9.7 2684.5 95.4 0.84 129.7
Indiana N2-05-05 0.5 100 -3.0 2628.9 93.4 0.84 127.3
Indiana N3-05-05 0.5 200 134 2680.6 95.3 0.84 129.6
Indiana N3-05-05 0.5 200 -15.8 2428.9 86.3 0.84 1184
Indiana N3-05-05 0.5 200 -3.0 2134.7 75.9 0.84 105.5
Indiana N4-05-05 0.5 300 -21.7 6974.0 247.9 0.84 319.2
Indiana N4-05-05 0.5 300 -5.7 7003.8 248.9 0.84 320.4
Indiana N4-05-05 0.5 300 -52.6 7235.4 257.2 0.84 330.8
Indiana N5-05-05 0.5 400 -9.9 9451.3 335.9 0.84 428.5
Indiana N5-05-05 0.5 400 -1.0 9256.0 329.0 0.84 420.0
Indiana N5-05-05 0.5 400 -7.0 8773.4 311.8 0.84 398.6
Texas Local blank water 0.5 0 -1.9 70.3 2.7 0.91 3.2
Texas Local blank water 0.5 0 1.1 43.3 1.1 0.91 1.2
Texas Local blank water 0.5 0 0.0 34.7 1.3 0.91 14
Texas Local 100ng/uL std 0.5 50 -5.0 1379.4 53.1 0.91 66.9
Texas Local 100ng/uL std 0.5 50 -2.5 1341.1 51.6 0.91 65.0
Texas Local 100ng/uL std 0.5 50 -1.9 1261.6 48.5 0.91 61.1
Texas N1-05-05 0.5 20 -3.2 547.6 21.1 0.91 26.5
Texas N1-05-05 0.5 20 04 519.8 20.0 0.91 251
Texas N1-05-05 0.5 20 -0.2 541.3 20.8 0.91 26.1
Texas N2-05-05 0.5 100 -1.0 2461.5 94.7 0.91 119.5
Texas N2-05-05 0.5 100 -2.9 2260.5 87.0 0.91 109.8
Texas N2-05-05 0.5 100 -10.6 2188.3 84.2 0.91 106.2
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Table 4. Aqueous Nitrate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Texas N3-05-05 0.5 200 -5.5 3847.7 148.1 0.91 187.0
Texas N3-05-05 0.5 200 -3.6 3107.5 119.6 0.91 151.0
Texas N3-05-05 0.5 200 -1.2 3127.5 120.3 0.91 151.9
Texas N4-05-05 0.5 300 -2.1 7255.2 279.2 0.91 352.8
Texas N4-05-05 0.5 300 -2.0 6205.4 238.8 0.91 301.7
Texas N4-05-05 0.5 300 -4.8 6008.0 231.2 0.91 292.1
Texas N5-05-05 0.5 400 0.0 8135.8 313.1 0.91 395.6
Texas N5-05-05 0.5 400 -3.6 8420.5 324.0 0.91 409.4
Texas N5-05-05 0.5 400 -4.6 8334.7 320.7 0.91 405.3
Washington Local blank water 0.5 0 2 92.4 35 0.89 7.8
Washington Local blank water 0.5 0 -12.4 40.7 15 0.89 5.0
Washington Local blank water 0.5 0 -17 34.4 1.3 0.89 4.7
Washington Local 100ng/uL std 0.5 50 -5.1 1422.1 53.7 0.89 76.5
Washington Local 100ng/uL std 0.5 50 -5.8 1319.9 49.8 0.89 71.2
Washington Local 100ng/uL std 0.5 50 -10.9 1279.4 48.3 0.89 69.1
Washington N1-05-05 0.5 20 -11.6 569 21.5 0.89 32.4
Washington N1-05-05 0.5 20 -4.7 500 18.9 0.89 28.9
Washington N1-05-05 0.5 20 -12.9 497 18.8 0.89 28.7
Washington N2-05-05 0.5 100 -6.8 2392 90.3 0.89 126.7
Washington N2-05-05 0.5 100 -5.1 2172.9 82 0.89 115.3
Washington N2-05-05 0.5 100 -1.2 2399.8 90.6 0.89 127.1
Washington N3-05-05 0.5 200 -4.9 2754.1 104 0.89 1454
Washington N3-05-05 0.5 200 -15.6 2516.2 95 0.89 133.1
Washington N3-05-05 0.5 200 -3 2289.8 86.4 0.89 121.3
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Table 4. Aqueous Nitrate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***

(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Washington N4-05-05 0.5 300 -3.5 6385.1 241 0.89 333.1
Washington N4-05-05 0.5 300 -8.6 5779.8 218 0.89 301.6
Washington N4-05-05 0.5 300 -0.7 6603.3 249.3 0.89 344.5
Washington N5-05-05 0.5 400 -8 7628.8 288 0.89 397.5
Washington N5-05-05 0.5 400 -4.5 7884.5 297.6 0.89 410.6
Washington N5-05-05 0.5 400 -7.6 7944.8 299.9 0.89 413.8

*** Results from each site were re-calculated from a calibration curve based upon the PE solutions analyzed at that site.
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Table S. Evaluation of the 8400S Pulse Analyzer

**%* Span Steady Flow Line Age of
Sit Audit Audit Gas State Balance Purse Flash
e Date Time Conc Check Check (ppl%) Strip
(ppb) (ppb) (ppb) (days)
Arizona | @ - | e e e e e e
Indiana | @ - | e | e e e e e
Illinois 08-Jun-05 11:00 AM 750 752 650.8 -0.9 7
Texas 10-Jun-05 12:02 PM 1007 948.3 836.8 0.2 3
Washington 21-Jul-05 1332PST 990 997.1 871.1 -0.3 4
*#% Span gas concentration as labeled on the bottle (should be 1000 ppb).
Table 6. Aqueous Sulfate Standards
Sample Volume Mass Baseline Corrected | Measured | Analyzer |Re-calculated
Site IDp Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)
[llinois Local blank water 0.5 0 -48.0 34.1 2.5 1.08 4.9
[linois Local blank water 0.5 0 -63.6 19.3 14 1.08 2.8
lllinois Local blank water 05 0 -34.3 21.2 15 1.08 3.0
[llinois Local 300ng/uL std 0.5 150 -53.8 1036.7 73.2 1.08 145.0
[llinois Local 300ng/uL std 0.5 150 -55.1 1053.7 74.4 1.08 147.3
[llinois Local 300ng/uL std 0.5 150 -47.0 975.4 68.9 1.08 136.4
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Table 6. Aqueous Sulfate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer [Re-calculated

Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Illinois S1-05-05 0.5 60 -30.4 392.2 27.7 1.08 54.8
lllinois S1-05-05 0.5 60 -44.8 397.3 28.1 1.08 55.6
lllinois S1-05-05 0.5 60 -50.0 424.4 30.0 1.08 59.4
Illinois S2-05-05 0.5 240 -57.0 1668.4 117.8 1.08 233.3
Illinois S2-05-05 0.5 240 -71.0 1729.5 123.3 1.08 244.2
Illinois S2-05-05 0.5 240 -37.7 1698.8 119.9 1.08 237.5
lllinois S3-05-05 0.5 600 -46.2 4281.0 302.2 1.08 598.5
Illinois S3-05-05 0.5 600 -64.4 4403.8 313.9 1.08 621.7
Illinois S3-05-05 0.5 600 -92.6 4312.4 307.4 1.08 608.8
lllinois HA-05-05 0.5 900 -92.6 6418.0 459.5 1.08 910.1
lllinois $A4-05-05 0.5 900 -88.1 6301.4 449.1 1.08 889.5
Illinois A-05-05 0.5 900 -88.4 6353.9 452.9 1.08 897.0
Illinois S5-05-05 0.5 1200 -75.1 8453.2 602.5 1.08 1193.3
Illinois S5-05-05 0.5 1200 -57.4 8408.0 593.6 1.08 1175.7
lllinois S5-05-05 0.5 1200 -34.2 8729.9 616.3 1.08 1220.6
Texas Local blank water 0.5 0 -3.5 8.1 0.8 1.48 30.4
Texas Local blank water 0.5 0 -4.0 -17.2 -1.7 1.48 26.4
Texas Local blank water 0.5 0 -15.0 3.7 0.4 1.48 29.7
Texas Local 300ng/uL std 0.5 150 -34.5 732.5 70.7 1.48 141.7
Texas Local 300ng/uL std 0.5 150 -5.0 678.1 65.5 1.48 1334
Texas Local 300ng/uL std 0.5 150 -25.2 779.6 75.3 1.48 149.0
Texas S1-05-05 0.5 60 -36.7 256.1 24.7 1.48 68.4
Texas S1-05-05 0.5 60 -13.8 198.2 19.1 1.48 59.5
Texas S1-05-05 0.5 60 -24.8 244.3 23.6 1.48 66.7
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Table 6. Aqueous Sulfate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer [Re-calculated

Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)
Texas S2-05-05 0.5 240 -10.0 1186.6 114.6 1.48 211.6
Texas S2-05-05 0.5 240 -32.5 1090.2 105.3 1.48 196.8
Texas S2-05-05 0.5 240 -0.3 1291.3 124.3 1.48 227.1
Texas S3-05-05 0.5 600 -14.4 3750.5 362.2 1.48 606.0
Texas S3-05-05 0.5 600 -20.4 3773.8 364.4 1.48 609.5
Texas S3-05-05 0.5 600 -25.3 4055.9 391.7 1.48 653.0
Texas A-05-05 0.5 900 -9.4 5764.3 556.7 1.48 915.8
Texas HA-05-05 0.5 900 -24.0 5934.2 573.1 1.48 941.9
Texas 3A-05-05 0.5 900 -6.0 5794.5 559.6 1.48 920.4
Texas S5-05-05 0.5 1200 -18.8 7539.0 728.0 1.48 1188.6
Texas S5-05-05 0.5 1200 -27.7 7562.0 738.9 1.48 1206.0
Texas S5-05-05 0.5 1200 -37.3 7150.3 690.5 1.48 1128.9
Washington Local blank water 0.5 0 -54 25.5 2.3 1.39 -5.3
Washington Local blank water 0.5 0 -52.4 -1.9 -0.2 1.39 -10.2
Washington Local blank water 0.5 0 -62.8 45.2 4.01 1.39 -2.0
Washington Local 300ng/uL std 0.5 150 -57.4 746.7 67.9 1.39 122.5
Washington Local 300ng/uL std 0.5 150 -72.8 574.7 52.3 1.39 92.1
Washington Local 300ng/uL std 0.5 150 -71.3 706.7 64.3 1.39 115.5
Washington S1-05-05 0.5 60 -73.6 304.7 27.7 1.39 44.2
Washington S1-05-05 0.5 60 -73.4 280.4 25.5 1.39 39.9
Washington S1-05-05 0.5 60 -25 271.3 24.7 1.39 38.3
Washington S2-05-05 0.5 240 -69.9 1457.1 132.6 1.39 248.5
Washington S2-05-05 0.5 240 -47.7 1147.8 104.4 1.39 193.6
Washington S2-05-05 0.5 240 -53.7 1519.2 138.2 1.39 259.4
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Table 6. Aqueous Sulfate Standards

Sample Volume Mass Baseline Corrected | Measured | Analyzer [Re-calculated
Site D Deposited | Deposited (ppb*s) Pulse Mass Flow Mass***
(uL) (ng) (ppb*s) (ng) (L/min) (ng)

Washington S3-05-05 0.5 600 -55.8 3797.7 345.5 1.39 663.3
Washington S3-05-05 0.5 600 -72 3565.5 324.4 1.39 622.2
Washington S3-05-05 0.5 600 -81.8 3611.5 328.6 1.39 630.4
Washington A-05-05 0.5 900 -72.6 5273.8 479.8 1.39 925.0
Washington HA-05-05 0.5 900 -111.2 95579.7 507.7 1.39 979.3
Washington $A-05-05 0.5 900 -82.6 4803.7 437.1 1.39 841.8
Washington S5-05-05 0.5 1200 -68 6793.6 618.1 1.39 1194.4
Washington S5-05-05 0.5 1200 -56.7 6697.6 609.4 1.39 1177.5
Washington S5-05-05 0.5 1200 -49.2 6498.5 591.3 1.39 1142.2

*** Results from each site were re-calculated from a calibration curve based upon the PE solutions analyzed at that site.
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Table 7. Reported Results

AZ Results IL Results WA Results NAREL Results - STN

Sample ID Sample Description (ng/sample) (ng/sample) (ng/sample) Method* (ug/sample)
EC OC TC EC OC TC EC OC TC EC OC TC

C1 blank filter 001 344 345 000 155 155 0.00 168 168 000 0.70 0.70+/-0.64
Cldup blank filter 001 386 387 000 128 129 000 147 147 0.00 0.88 0.88+/-0.64
C2 35 pngC sucrose spike 0.00 33.85 3385 000 36.18 36.18 0.00 37.64 3764 000 36.68 36.68+/-2.13
C2 dup 35 pugC sucrose spike 0.00 3490 3490 000 3640 3640 0.00 37.74 37.74 000 34.23 34.23+/-2.01
C3 ambient PM2.5 191 36.14 38.05 270 3725 3995 1.73 3956 4129 294 37.97 40.91+/-2.65
C3dup ambient PM2.5 310 3425 3735 277 38.02 40.79 157 3829 39.86 301 3520 38.21+/-251

*NAREL results were determined using the filter based method that is approved for the Speciation Trends Network.

Table 8. Recalculated Field Results

AZ Results IL Results WA Results

Sai‘ll)l’le Sample Description (ng/sample) (ng/sample) (ng/sample)
EC oC TC EC oC TC EC oC TC

C1 blank filter 001 325 326 000 15 155 000 180 1.80
Cldup blank filter 001 383 384 000 128 129 0.00 178 178
C2 35 ugC sucrose spike. 0.00 33.80 3380 0.00 36.18 36.18 0.00 37.67 37.67
C2dup 35ugCsucrosespike 0.00 34.73 3473 0.00 3640 3640 0.00 37.83 37.83
C3 ambient PM2.5 190 3855 4045 270 3725 3995 175 39.58 4133
C3dup ambient PM2.5 285 3535 3820 277 38.02 40.79 1.60 3831 39.92
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